Whether the time of administering the angiotensin receptor antagonist olmesartan influences antihypertensive and renoprotective effectiveness remains unclear. This study compared the effects of olmesartan on morning home blood pressure (MHBP), office BP (OBP) and renoprotective parameters between morning and evening administration. A total of 218 patients with primary hypertension were randomly assigned to receive olmesartan once daily in the morning (morning-dose group) or evening (evening-dose group), and 188 completed the study protocol (morning-dose group, n ¼ 95; evening-dose group, n ¼ 93). In both groups, morning home systolic BP, morning home diastolic BP, office systolic BP and office diastolic BP decreased significantly. There was no significant difference between the groups in MHBP or OBP after 6 months of treatment. The urinary albumin-to-creatinine ratio (UACR) decreased from 13.9 to 6.9 mg g À1 (geometric means, Po0.001) in the morning-dose group and from 14.4 to 9.1 mg g À1 (Po0.001) in the evening-dose group. The changes in UACR after treatment did not differ significantly between the groups. SV 1 þ RV 5 decreased significantly from baseline to 6 months in the morning-dose group (Po0.001) and the evening-dose group (Po0.01), and did not differ significantly between the groups. In conclusion, olmesartan effectively decreased MHBP, OBP, SV 1 þ RV 5 and UACR regardless of whether the drug was administered in the morning or in the evening. Our results suggest that olmesartan can be prescribed once daily, either in the morning or in the evening.
INTRODUCTION
A recent study showed that bedtime administration of one or more antihypertensive medications results in better blood pressure (BP) control and greater cardiovascular risk reduction than morning administration. 1 Although this was an important study based on hard end points, the results have yet to be confirmed. Alternatively, the benefits of antihypertensive therapy can be evaluated on the basis of intermediate surrogate end points, such as microalbuminuria and left ventricular hypertrophy. Several studies 2, 3 have shown that bedtime administration of antihypertensive agents is associated with a greater reduction in urinary albumin-to-creatinine ratio (UACR) than morning administration. However, it remains unclear whether reduced BP during sleep or the time of drug administration is more important.
Several types of antihypertensive medications, including angiotensin receptor blockers (ARBs) antagonists, 4, 5 have been reported to be free of administration-time-dependent effects on the circadian pattern of BP. To confirm these results, we compared the effects of the ARB olmesartan on morning home BP (MHBP) and cardiovascular and renoprotective parameters between morning and evening administration. Olmesartan was used because it has a terminal halflife of 12-18 h 6 and a steady-state elimination half-life of 10.6-16.5 h. 7 In addition, a recent study showed that the amplitude of the 24-h BP pattern was unaffected by the administration time of olmesartan; however, this study did not evaluate surrogate markers of cardioprotective or renoprotective effectiveness. 5 In the present study, we tested the hypothesis that the antihypertensive, cardioprotective and renoprotective effects of olmesartan are similar for morning administration and evening administration.
METHODS Participants
Eligible patients had previously untreated primary hypertension, defined as a sitting systolic blood pressure (SBP) of X140 mm Hg, a diastolic blood pressure (DBP) of X90 mm Hg, or both, as measured in the office. Age and sex were not restricted. Patients were excluded if they had secondary hypertension, severe liver dysfunction, stroke, bilateral renal artery stenosis, only one kidney, hyperpotassemia or a serum creatinine (sCr) level of X3.0 mg dl À1 , of if they regularly used nonsteriodal anti-inflammatory drugs or steroid hormones. Pregnant women were also excluded. The study was performed from 1 July 2005 through 28 February 2010, and the study protocol was registered on a clinical trial registration site UMIN-CTR (University Hospital Medical Information Network-Clinical Trials Registry). 8 The protocol was approved by the Ethical Review Boards of the Kanagawa Association of Medical and Dental Practitioners, and all participants provided written informed consent. The study was conducted in accordance with the Declaration of Helsinki.
Study design
We calculated the sample size for this trial as follows: assuming a s.d. of 12 mm Hg for morning home SBP, 80% of the study showed a significant difference of 5 mm Hg in the mean of morning home SBP between the morning-dose group and the evening-dose group at the level of Po0.05 (two-tailed); the numbers of sample of each group were 91. Eligible patients were randomly assigned to the morning-dose group or the evening-dose group by means of numbered containers. In both groups, the initial dose of olmesartan was 10-20 mg daily, and was titrated up to 40 mg as required to reach the target BP. Every patient was instructed to visit each clinic every month and if the office BP (OBP) did not reach the target BP even after the dose had been increased to 40 mg of olmesartan, patients additionally received a long-acting calcium channel blocker (CCB) (Figure 1) .
Furthermore, OBP did not reach the target BP after additional CCB was administered, then patients received the third medicine (angiotensinconverting enzyme inhibitors, beta-blockers, diuretics or spironolactone).
In the morning-dose group, patients were instructed to take olmesartan and added CCB or the third medicine in the morning on awaking from night-time sleep after breakfast, and in the evening-dose group patients were instructed to take olmesartan and added CCB or the third medicine in the evening before going to bed. OBP measurements were obtained after the patient had rested in a seated position for X10 min, using validated automatic oscillometric device or mercury BP manometer. MHBP measurements were obtained in a sitting position after 2 min of rest in the morning within 1 h after awaking from night-time sleep, after micturition, before ingestion of drugs, before breakfast. MHBP measurements were performed everyday throughout the trial, using automatic oscillometric device (HEM7000; Omron Healthcare Kyoto, Japan or ES-P302; Terumo, Tokyo, Japan). Patients were asked to record their MHBP on the recording charts. The target BP was defined as an office systolic BP (OSBP) of o140 mm Hg and an office diastolic BP (ODBP) of o90 mm Hg in patients 65 years or older, and an OSBP of o130 mm Hg and an ODBP of o85 mm Hg in patients younger than 65 years. In patients who had diabetes mellitus or chronic kidney disease , the target OSBP was o130 mm Hg, and the target ODBP was o80 mm Hg.
Evaluation of renal function
Renal function was evaluated on the basis of the estimated glomerular filtration rate (eGFR), which was calculated using an equation developed for the Japanese population, as recommended by the Japanese Society of Nephrology. 9 eGFR ¼ 194 Â sCrn À1.094 Â age À0.287 ( Â 0.739, if female).
Statistical analysis
Baseline characteristics other than sex, administration rate of diabetic medicines and percentage of chronic kidney disease (eGFRo60 ml min À1 1.73 m À2 ) were analyzed with the use of non-paired t-tests. Fisher's exact method was used to analyze sex, administration rate of diabetic medicines and percentage of chronic kidney disease. Changes in OBP, office pulse rate, morning home pulse rate, cardiothoracic ratio (CTR; divided transverse diameter of the heart was measured as the sum of the widest portions of the heart to the right and to the left of the midline of the spine by the internal diameter of the chest measured at the level of the highest point on the right hemidiaphragm), SV 1 þ RV 5 (total voltage of the S wave of V 1 þ R wave of V 5 ), eGFR and sCr in each group were analyzed with paired t-tests. Non-paired t-tests were used to compare OBP, office pulse rate, MHBP and morning home pulse rate between the morning-dose group and the evening-dose group, and w 2 -tests were used to compare antihypertensive regimens between the groups. The significance of differences in UACR and high-sensitivity C-reactive protein (hsCRP) were analyzed with the Wilcoxon signed-rank test and Mann-Whitney U test, because these variables did not show a Gaussian distribution even after conversion to common logarithms. Analyses were carried out with SPSS version 11 software (SPSS Chicago, IL, USA). All values are expressed as means ± s.d., and P-values of o0.05 were considered to indicate statistical significance.
RESULTS

Patient characteristics
A total of 218 patients were enrolled and randomly assigned to the morning-dose group or the evening-dose group. Of the 110 patients assigned to the morning-dose group, 15 were excluded because of loss to follow-up (n ¼ 11) or death of their physician (n ¼ 4). Of the 108 patients assigned to the evening-dose group, 15 were excluded because of loss to follow-up (n ¼ 13) or death of their physician (n ¼ 2). Table 1 shows the characteristics of the 188 eligible subjects randomly assigned to the morning-dose group (n ¼ 95) or the evening-dose group (n ¼ 93). Because of mis-collection of biochemical data, some differences in this data were found. There were no significant differences between the two groups in baseline characteristics such as age, gender, anthropometric data, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, sCr, sodium, potassium, chloride, fasting plasma glucose, HbA1c, administration rate of diabetic medicines or percentage of chronic kidney disease.
Changes in blood pressure After 6 months of treatment, OSBP, ODBP, MHSBP, and MHDBP were significantly lower than the respective baseline values in both the morning-dose group and the evening-dose group. Office pulse rate and morning home pulse rate significantly decreased after 6 months of treatment in the morning-dose group, but not in the evening-dose group. At baseline and 6 months of treatment, OSBP, ODBP, office pulse rate, MHSBP, MHDBP, morning home pulse rate, SV 1 þ RV 5 , Comparison of effects of angiotensin II receptor blocker H Mori et al CTR, sCr, eGFR, hsCRP and UACR showed no significant difference between morning-dose group and evening-dose group (Table 2) ; Figure 2 shows the time courses of OBP and MHBP during the study. There was no significant difference at any month between the morning-dose group and the evening-dose group. There were also no significant differences between the groups in the reductions in BPs or PRs from baseline to 6 months after treatment began (Table 3) .
Changes in SV 1 þ RV 5 , CTR, creatinine, eGFR, UACR and hsCRP Table 2 shows the changes in SV 1 þ RV 5 , CTR, sCr, eGFR, UACR and hsCRP from baseline to after 6 months of treatment. In the morningdose group, SV 1 þ RV 5 , eGFR and UACR decreased significantly, but CTR, sCr and hsCRP showed no significant change. In the eveningdose group, SV 1 þ RV 5 , CTR and UACR decreased significantly, with no significant change in sCr, eGFR or hsCRP. Figure 3 compares the changes in sCr, eGFR, SV 1 þ RV 5 , CTR, UACR and hsCRP from baseline to after 6-months' treatment between the morning-dose group and the evening-dose group. The magnitudes of the changes in these variables did not differ significantly between the groups.
Doses of olmesartan and combination regimens
The starting doses of olmesartan were 14.0 ± 4.9 mg (n ¼ 96) in the morning-dose group and 14.0±4.9 mg (n ¼ 93) in the evening-dose group, and the doses at 6 months of treatment were 22.0 ± 10.6 mg (n ¼ 96) in the morning-dose group and 21.2 ± 11.6 mg (n ¼ 93) in the evening-dose group. Throughout this trial, there was no significant difference in the dose of olmesartan between the groups (non-paired t-test).
The mean numbers of antihypertensive regimens were 1.14 in the morning-dose group and 1.16 in the evening-dose group at baseline, and 1.40 in the morning-dose group and 1.42 in the evening-dose group at 6 months of treatment. Concurrently, the prescribed drugs included angiotensin-converting enzyme inhibitors, beta-blockers, CCBs, diuretics and spironolactone. There was no significant difference in concurrently prescribed combination regimens between the groups during any part of the trial (w 2 -test).
DISCUSSION
Our study showed that olmesartan significantly reduced OBP and MHBP from baseline to the end of 6 months of treatment in both the morning-dose and evening-dose groups. There was no significant difference in the baseline OSBP between morning-dose group and evening-dose group, but the P-value was 0.052. Considering the statistical significance, OSBP lowering effect of olmesartan between morning-dose group and evening dose-group may be necessary to confirm again. In addition, SV 1 þ RV 5 and UACR significantly decreased in both the morning-dose and evening-dose groups, and the changes in these variables from baseline did not differ significantly between the groups. CTR significantly decreased in the evening-dose group, and eGFR significantly decreased in the morning-dose group.
Bedtime administration of ramipril was shown to be significantly more effective than morning administration for reducing nocturnal BP. 10 In contrast, valsartan effectively reduced BP throughout a 24-h period, irrespective of whether the drug was administered in the morning or at bedtime. 4 Another study reported that bedtime treatment with telmisartan more effectively controlled nocturnal BP than morning treatment, despite the prolonged half-life of this drug. 11 Evening administration of guanabenz or clonidine has also been shown to significantly lower morning BP. 12 These findings suggest that bedtime administration of ARBs, angiotensin-converting enzyme inhibitors and central a 2 -agonists is therapeutically beneficial because it lowers morning BP more effectively than does morning administration. Effective lowering of morning BP has an important role in therapy, because morning hypertension is the strongest independent predictor of a future clinical stroke. 13 Recently, the MAPEC study showed that bedtime administration of antihypertensive regimens improved BP control, decreased the prevalence of a non-dipper pattern (that is, no nocturnal reduction in BP), and significantly reduced morbidity and mortality owing to cardiovascular disease. 1, 14 Bedtime administration of candesartan 2 and valsartan 3 reduced UACR to significantly greater extents than morning administration, suggesting that bedtime administration of ARBs more effectively reduces UCAR and morning BP than does morning administration. In our study, both morning administration and evening administration of olmesartan significantly reduced MHBP and UACR to similar extents. It is unclear why olmesartan reduced MHBP and UACR regardless of the administration time in our study. However, the prolonged duration of action of olmesartan demonstrated in previous studies 6, 7, 8 might have contributed to equivalent lowering of BP and UACR irrespective of administration time. These results are consistent with the findings of a previous study in which both morning Creatinine (mg dl À1 ) 0.79 ± 0.55 Comparison of effects of angiotensin II receptor blocker H Mori et al administration and evening administration of olmesartan similarly reduced BP, but the test for UACR was lacking. 5 In the present study, we concluded olmesartan decreased UACR equivalently, regardless of whether the drug was administered in the morning or at bedtime, but the limitation of interpretation may be considered because UACR samples were collected at different times according to the patients' usual visiting the offices. Bedtime administration of candesartan 2 and valsartan 3 reduced UACR effectively than does 15, 16 and increased CRP levels are associated with hypertension. 17 Because olmesartan significantly decreases hsCRP levels in patients with diabetes mellitus, 18, 19 we monitored hsCRP levels throughout the study. However, no significant change in hsCRP levels was detected. The reason why olmesartan did not significantly alter hsCRP levels in our study is unclear.
We cannot assess the effect of asleep BPs and evening home BP because we did not collect asleep BPs by ambulatory blood pressure monitoring or evening home BP. Consequently, the limitation of interpretation may be considered as to the results of the study. The changes of office and morning home PR significantly decreased in the morning-dose group but there was no significant change found in evening-dose group. The reason why PR decreased in the morningdose group is not clear. We consider the need to confirm the difference of PR change according to the time of administration of olmesartan-based antihypertensive treatment. The CTR decreased significantly in the evening-dose group and eGFR decreased significantly in the morning-dose group. These reasons were not clear, but our study period for every participant was 6 months, and a longer study period may be needed to assess the change of CTR and eGFR.
In conclusion, olmesartan decreased OBP, MHBP, UACR and SV 1 þ RV 5 , regardless of whether the drug was administered in the morning or at bedtime. Our results suggest that olmesartan can be prescribed once daily, either in the morning or evening.
